INTRODUCTION
Goussia (syn. Eimeria) subepithelialis (Moroff and Fiebiger, 1905 ) is parasitic in the intestinal tract of common carp Cyprinus carpio causing 'nodular coccidiosis'. Infections were found in early spring only. Gamonts, sporogonic stages and oocysts were observed in posterior regions of the intestine mainly -often forming white nodules. The meronts, gamonts and sporulated oocysts were described by early workers (Moroff & Fiebiger 1905 , Ziesche 1914 , Schaperclaus 1943 , Pellerdy & Molnar 1968 , while the course of infection and a detailed description of morphological development were presented by Manneek (1973) .
In this paper ultrastructural observations on gamogonic developmental stages of Goussia subepithelialis are presented.
MATERIALS AND METHODS

From May to September 1988 and from March to May 1989, in a survey of parasites of common carp
Cyprinus carpio from South Bohemia ( c e s k e Bud& jovice, Czechoslovakia) and North Germany (Celle, Lower Saxony), a total of 32 out of 94 fish examined contained oocysts and developmental stages of Coussia subepithelialis. Intestinal scrapings were observed by light microscopy a s wet mounts. Microphotographs and measurements for identification of the species were taken from fresh sporocysts and oocysts. For light microscopy toluidine blue, semithin sections were examined and photographed. For electron microscopy small pieces of infected tissue were fixed either in 2.5 O/O glutaraldehyde in 0.1 M cacodylate buffer, pH 7.2 at 4"C, postfixed in l % O s 0 4 for l h in the same buffer and en bloc stained with 0.5 sb uranyl acetate, or fixed in 2 % O s 0 4 in 0.1 M cacodylate buffer, pH 7.2 for l h at 4°C. After dehydration in graded series of ethanol, the tissue was embedded in Epon-Araldite or Spurr's resin. Thin sections were cut with glass knives on LKB Ultrotome 111 and Reichert Ultracut E microtomes. Sections were stained with uranyl acetate and lead citrate and examined in Philips 420 and Zeiss EM 10 A electron microscopes.
RESULTS
Carp of different age groups harboured pinhead sized white patches in the intestinal wall. These were found to contain masses of developmental stages (in the period March through April) and oocysts (April to September) of Goussia subepithelialis. The species diagnosis was based on measurements and the morphological features of fresh oocysts ( Table 1) . Stages of gametogenesis were found in histological sections ( Fig. 1 ) and in thin sections from material sampled during March and April.
Microgamonts and microgametes
Young microgamonts contained numerous small nuclei with peripherally arranged heterochromatin. In the cytoplasm, cisternae of granular endoplasmic reticulum (ER), free ribosomes and mitochondria (MI) were abundant ( Fig. 2 ), lipid inclusions (L) and electron-lucent vesicles were also present. The cells were lined by a single membrane with micropores ( Fig. 3 ).
In the parasitophorous vacuole (PV) numerous intravacuolar vesicles were scattered. In maturing microgamonts, deep invaginations of the cell surface occurred, with the nuclei located beneath the cell's surface (Fig. 4 ) (Figs. 8 and 9 ) which was the last structure of the microgamete to be separated from the microgamont. A residual portion of the nucleus was left behind in the microgamont (Figs. 7 and 9) . In cross sections of the microgamete several microtubules were visible in close association with nucleus and mitochondrion, the number and configuration of microtubules varied per section plane (Fig. 10 ).
Macrogamonts and macrogametes
Developing macrogamonts were located in the apical region of intestinal epithelia1 cells in a parasitophorous vacuole with scattered intravacuolar vesicles (Figs. 12  and 13 ). The parasitophorous vacuole membrane formed intravacuolar blebs (Fig. 13) . Macrogarnonts in all stages of development were bound by a single membrane with few micropores. The parasites had a large nucleus often in a central position and with a prominent nucleolus, abundantfreeribosomes, and cisternae of the ER. In early developmental stages, the cisternae were arranged concentrically around the nucleus and had contact with the nuclear envelope (Fig. 11) . Electron-lucent amylopectin granules, lipid inclusions, electron-dense membranebound vesicles of various size, and mitochondna were scatteredin the cytoplasm but tended to concentrate near the limiting membrane (Fig. 11) . With advancing development the number of amylopectin inclusions increased (Figs. 12 and 13). Mature macrogamonts had numerous large amylopectin inclusions and numerous membrane-bound electron-dense vesicles which varied in size and appearance: dense bodies with electron-pale spaces (Fig. 12) , small bodies of high density (Fig. 13) , and bodies of medium densities (Figs. 12 and 13) . The cytoplasm appeared denser due to an increased number of free ribosomes. The ER cisternae beneath the limiting membrane were present in most areas. Mature macrogamontsmeasured 14 to 19 by 11 to 15 pm (mean = 16.3 t 1.30 by 13.3 f 1.35 pm, n = 20). The relative abundance of macrogamonts to microgamonts was about 5: 1 in thin sections.
Fertilization of macrogamonts was not observed. Stages considered to be zygotes were spherical in shape, had a central nucleus, numerous large amylopectin inclusions and large electron-dense membranebound bodies. The cell was limited by a wall, consisting of two membranes with electron dense material deposited between these membranes (Fig. 14) .
DISCUSSION
Gamogonic developmental stages of Goussia subepithelialis were found in the intestine of carp from Early macrogamont, the nuclear envelope has contact with the ER (arrow) Nucleus ( N ) , and mitochondna (h.11) also indicated; x 36000. Fig. 12 . Advanced macrogamont with amylopectin inclusions (A) and electron-dense membrane-bound bodies, small bodies of high density and dense bodies (DB) with electron-pale spaces; x 7 980. Fiq. 13. Advanced macrogamont with ER cisternae underlying the body wall. Numerous intravacuolar vesicles and portions of parasitophorous vacuole rnenlbrane (arrows) are scattered in the space of the parasitophorous vdcuole (PV): X 13200. Fiq. 14. Zygote wlth bildyered body wall (inner membrane: IM, outer membrane, OM) and accumulation of electron-dense material between 2 the layers and host cell (HC); X 35 500
South Bohemian and North German ponds during early spring only The biology of G. subepithellalis in expenmental infections induced by oral administration of oocysts to carp was studied by Marinkek (1973) . These laboratory-infected carp were examined over a period of about 60 d , and Marintek (1973) found different stages of merogony but no further developmental stages. Therefore she suggested that G. subepithelialis had a seasonal developmental cycle: with carp becoming infected during summer, and gamogonic and sporogonic developn~ent taking place after the winter when the water temperature in the ponds increased (Marinkek 1973). Our observations confirm this pattern of seasonal development. Data on the ultrastructure of eimerian parasites from piscine hosts, as reported in the literature (Paterson & Desser 1981a , b, Hawkins et al. 1983a , b, Desser & Li 1984 , Paperna et al. 1986 ) and presented in this communication indicate a basic pattern of development siinilar to stages of Eimeria species of terrestrian hosts (Chobotar & Scholtyseck 1982) . In Goussia subepithelialis sexual stages were found mainly in epithelial cells of the intestinal mucosa but they often accumulated in large aggregates which latter may have invaded the lamina propria (Moroff & Fiebiger 1905 , Marineek 1973 .
Only Goussia iroquojna microgametocytes and microgametes were studied in detail (Paterson & Desser 1981a) , and brief information were reported on microgametogenesis of G. laureleus (Desser & Li 1984) , G. aculeati (Jastrzebski 1989) and Calyptospora funduli (Hawkins et al. 1983b) . The ultrastructural feature of microgamogony of G. subepithelialis resemble that of G. iroquoina, however, small microgamonts with few microgametes occurred, while G. subepithelialis developed large microgamonts producing large numbers of microgametes. To increase the surface area the microgamonts formed deep invaginations. Scholtyseck et al. (1972) considered this to be common among coccidian species which form large microgamonts with many microgametes and absent in species with small microgamonts. Invaginations of the surface area, however, also were observed in the small microgamonts of G. iroquoina (Paterson & Desser 1981a) . The microgametes of G. subepithelialis are biflagellate and possess additional microtubules not arranged in an axoneme, which appear to originate in the basal body region and extend posteriorly. These microtubuli were found in microgametes of numerous coccidian species (Paterson & Desser 1981a , Chobotar & Scholtyseck 1982 .
Ultrastructural features of macrogametogenesis of piscine coccidia have been studied more extensively (Paterson & Desser 1981b , Hawkins et al. 1983a , Desser & Li 1984 , Paperna et al. 1986 ). These studies revealed that macrogamonts of piscine coccidia often lack the wall forming bodies. In Goussia iroquoina (Paterson & Desser 1981b ) and G. laureleus (Desser & Li 1984) electron-dense membrane-bound inclusions were described but were not observed to contribute to oocyst wall formation. Hawkins et al. (1983a) described 2 types of wall forming bodies from Calyptospora funduli macrogamonts, but did not observe the participation of these bodies in formation of the oocyst wall. Desser & Li (1984) found their 'Type I' bodies to resemble the dense inclusions of G. iroquoina and G. laureleus macrogamonts. In G. subepitheLialis macrogamonts numerous membrane-bound dense inclusions were arranged peripherally, but these structures also were not observed to b e involved in the formation of the oocyst wall. In the macrogametes of specimens from South Bohemia dense bodies with electron-pale spaces have been found regularly. Blebs extending from the parasitophorous vacuole membrane have also been described from sexual stages of several fish coccidia (Paterson & Desser 1981b , Hawkins et al. 1983b , Monison & Hawkins 1984 , Jastrzebski 1989 . Hitherto, vesicles in parasitophorous vacuoles have only been rarely found in coccidia from terrestrial hosts (Gajadhar & Stockdale 1986 , Daszak et al. 1989 .
